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Sin 

I, Dr. Ronald J. Pettis, do hereby declare and state: 

1 . I am a co-inventor of the subject matter disclosed and claimed in the above- 
identified patoit application (herein referred to as the '909 application). 

2. I am currently a Senior Scientist, at Becton, Dickinson and Company, Inc. 
which is the assignee of the '909 application. 

3. My academic background, technical experience and list of publications are set 
forth in my curriculum vitae^ attached hereto as Exhibit A. 

4. I have been asked to comment on how the skilled artisan in the field of dmg 
delivery could use the teachings of the '909 application to successfully deliver dmgs with 
improved pharmacokinetic profiles. 

5. By way of background, the pharmacokinetic profile of a dmg may be assessed 
quantitatively by measuring and graphically plotting the serum concentrations of the dmg 
over time. Typically, pharmacokinetic profiles are measured from the start of administration 
of the dmg until the drug is cleared from the bloodstream. Measuring dmg serum 
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concentrations will provide the following parameters: Tmax, the time required for the drug to 
reach a maximum serum concentration; Cmax* the maximum (or peak) serum concentration of 
the drug reached within a given dose and route of administration; Tiag (or •Toisct"). the delay 
time between the administration of a dmg and the time for a measurable and detectable blood 
or plasma level of the drag; and the area under the serum concentration curve (AUC), which 
is a measure of bioavailability. 

6. Pharmacokinetics is traditionally a comparative study, whereby the 
pharmacokinetic profile of a drag given at different doses or routes of administration may be 
compared by an inspection of the graphical representation of the profile. Different routes of 
admuiistration typically include intravenous (IV), intramuscular (IM). and subcutaneous (SC) 
administration. For example, to achieve maximal Cmax and bioavailability and m i n i m al Tmax* 
ideally drags are injected directly into the vein, intravenous administration (IV). 
However, IV injections are not practical, as they not only must be administered by a health 
care specialist, they depend on the skill level of that specialist. Intramuscular injections (IM) 
and subcutaneous injections (SC) have been used traditionally but loutinely result in 
pharmacokinetic parameters that may not be as desirable as those obtained by the IV route. 
For example, SC or IM delivery typically results in a reduced plasma concentration of the 
drag, which ultimately has a direct bearing on its efficacy. 

7. My CO- inventors and I developed an intradermal (ID) drag delivery system 
that results in an improved pharmacokinetic parameters as compared to SC or IM delivery. 
This system, as described in the '909 application, involves inserting a needle into the subject's 
skin so that the needle penetrates the ID compartment and the needle's outlet depth and the 
exposed height of the outlet are located within the ID compartment. The substance is then 
delivered through the lumen of the needle by applying pressure in an amount effective to 
control the rate of delivery of the substance so that improved pharmacokinetic parameters are 
achieved relative to SC administration. Pressure is applied using any of the commonly 
known pressure generating devices, such as those disclosed in the '909 application (e.g., 
pumps, syringes, elastomeric membranes, osmotic pressure or Belleville springs or washers) 
in an amount effective to control the rate of delivery of the substance. By controlling the rate 
of delivery of the substance into the ID compartment as described in the '909 application, 
improved pharmacokinetic parameters may be obtained, as compared to the pharmacokinetic 
parameters obtained via SC administration of the same substance. 



8. As summarized below, the delivery of different substances into the ID 
compartment in accordance with the teachings of the •QOQ application results in improved 
pharmacokinetic parameters, regardless of the mode of application of the pressure (Le. the 
actual pressure generating device), or the absolute value of the pressure applied, as long as 
the rate of delivery was controlled and the needle was placed within the intradermal 
compartment. The improved pharmacokinetic profile of the different substances delivered to 
the ID compartment is manifested as an improvement of two or more of the traditionally 
measured parameters that characterize the profile, i.e., Tmax^ Cam or AUG. 

9. The '909 application evidences that delivery of insulin to the ID compartment 
results in improved pharmacokinetic parameters, i.^., increased Cmax and AUG, as compared 
to delivery of insulin to the SG compartment. In Example 2 of the '909 application, insulin 
was administered to the ID compartment of a pig animal model (see the instant specification 
at page 7, line 25 to page 8, line 21). Insulin was delivered through the lumen of a hollow 
needle, having a total length of 2 mm, but designed such that the location of the needle outlet 
was 1 mm— within the ID compartmrat. Pressure was applied using an infusion pump and the 
rate of mfiision delivery was controlled at a rate of 2U/hr. Blood samples were periodically 
withdrawn and analyzed for insulin concentration. The results are shown in Figure 4 
(attached hereto as Exhibit B), where plasma insulin levels, subsequent to ID administration 
are plotted over time to generate a serum concentration - time curve (Le., its 
pharmacokinetic profile), which is compared to the pharmacokinetic profile observed for SG 
administration of insulin. It is clear from a visual inspection of Figure 4 that the 
pharmacokinetic profile and parameters of insulin delivered to the ID space is improved 
relative to that of SG delivery — Le.^sL higher plasma level (increased GmaJ and a higher 
bioavailability (increased AUG). 

10. In another similar experiment, improved pharmacokinetic parameters were 
observed when human parathyroid 1-34 (PTH) was delivered to the intradermal compartment 
using the teachings of the invention. PTH was administered to the intradermal compartment 
of a pig animal model using a stainless 30 gauge such that the available length for skin 
penetration was 1-2 mm and the need outlet was at a depth of 1.7-2.0 mm in the skin when 
the needle was inserted and the total exposed height of the needle was 1-1.2 nun. Flow rate 
was controlled using a Harvard syringe pump, and PTH was infused for 4 hours at a rate of 
75 jil/hr. As shown in Figure 3 of the '909 application (attached hereto as Exhibit G), 
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delivering PTH to the ID space results in an improved pharmacokinetic profile relative to that 
obtained by SC administration of PTH. Le., a faster Tmax* an increased Cnuw and an increased 
AUC (the instant specification at p. 7, //. 16-24; and Figure 4). 

11. The two examples provided in the '909 application evidence that a substance 
can be delivered to the ID compartment under sufficient pressure to control the rate of 
delivery so that a desired pharmacokinetic profile is obtained. The desired profile may be an 
enhancement in two or more of the following parameters: Tmax* Cmu and AUC. In order to 
apply these teaching to other substances and formulations, one skilled in the art would deliver 
the substance to the ID compartment via a needle having an appropriate height and outlet 
depth as specified in the *909 application. One would utilize different pressures to control the 
rate of delivery. At the onset, a visual inspection of the delivery site to ensure bleb formation 
and a lack of leakage will be an effective initial indication of delivery to the ID compartment. 
Subsequent to delivery of the substance, blood samples are periodically drawn and analyzed 
for concentration of the substance. The results are plotted over time to generate a serum 
concentration time curve - the pharmacokinetic profile — which will provide one skilled in 
the art with sufficient information to assess if that pressure and rate of delivery are sufficient 
to provide the desired pharmacokinetic profile. This is indeed what was done in the 
following examples described in subsequent continuation-in-part applications. 

12. For example, in a subsequent continuation-in-part application. U.S. 
Application Serial No. 09/893.746 Cthe 746 application"), filed June 29. 2001. Example 1 
shows that ID delivery of insulin results in an improved PK profile as compared to 
administration via the SC route, an increased Cmax and a decreased Tnuu- In Example 1 of 
the 746 application, insulin was infused in a swine model using a hollow single lumen 
microneedle (2 mm in length), designed such that the penetration of the needle outiet was 
limited to 1 mm. The insulin infusion was controlled using an insulin pump wherein the rate 
of delivery was 2 U/hr for 4 hours. As shown in Figure 1 of the 746 application (attached 
hereto as Exhibit D), the PK profile shows an increase in higher maximum plasma 
concentration and a decrease in Tmax as compared to SC delivery. 

13. Example VI of the 746 application shows that delivery of human granulocyte 
colony stimulating factor (GCSF) to the intradermal compartment of a Yucatan minipig 
results in an improved pharmacokinetic profile as compared to SC delivery. GCSF was 
delivered as a bolus using a dermal access design SS3_34 microdevice having a needle length 
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lesultBlnanimpiovadphaxxnacokixietiet^ ^^^^ 
delivered as a bohu using a dennal access design SS3_34 inicTodevjce having a needle Iragtfi 
wUeh places the needle widiintfienScoDQwrlm Delivery rate was controlled via a 
Ilarvaid syringe pomp. As shown in Figure 6 of the *746 application (atlacluxl lieioUi as 
Exhibit E)» ID delivery of GCSF xesulted in a significanOy Osier Tm» and a significantly 
hi^er AUC as conripaied to SC delivciy (see pp. 30-31 of the *746 application. Figure 6) . 

14. In another continuation-in-part appKcation, Application No. 10/028,988 
("the •QRR appKcjition"), fi'«d Dfwjmhflr 7K» 7001 , IJocumplc vm shows that delivery of low 
molecular wei^t heparin, Fragmin<9, to the intradermat con^rlment of a Yucatan minipig 
results in an inqirovedphatnuunkineticpf^ FragminOwBS 
deKvered aa a bolus using a dennal access design SS3_34 microdevice having a needle length 
which places die needle within the roconqutrtment Delivery rate was controlled via hand 
piessure Ikum a (^asa nnurwiyringe. As shown hi Figgnre 8 of the *988 appllcatioa (attached 
heieto as Exhibit r% ID delivciy of FragmhKlt resulted in a significant^/ mcreased Cmtn and a 
sigDificantly higher AUC as compared to SC deUveiy (see pp. 32-33 of the 'dSS applicadon. 
Figures). 

15. I declare ftirttier that aU statements made in tfiiaI>»chization of my 
knowledge are true» and that aU statements made <m information and belief axe believed to be 
tnie, and fiiitfaer, that these statements were made witfi the knowledge that willful fidse 
statementa and that like so made arc puniahabte by fine or imprisonment^ vnder 
Section 1001 of Title 1 9 of the United States code and tfiaf such williiil fiilse statements may 
Je<^>ardlze the validity of this appUcadon and any patent issuing thereon. 
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